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Dear Lederberg, 
It has been ratltr surprising to read in your letter 

of Jan.16 the result of an experiment which 1 had just planned,viz 
the transformation of F- into F+. Iwam convinced since a long time 
that a cytoplasmic inheritance should be liable to behave asinfec- 
tive on suitable conditions, and since the times of my corresponden- 
ce with Hayes I ha8 set down to look gor transforming princiDles in 
the selfincompatibility story . However, filtrates (through Seitz) 
and heat killed suspension$of K-12 were inactive in ifidinaing the 
transformation of TLBl- into a self compatible strain. I had started 
the wrong end ! I recently decided to try the action of intact cells, 
and set up an experiment which is exceedingly similar to one of 
yours,and designed according to your menage a trois: K 12 x 'CLBl-Sr 
r-Lac+ x TLBl+F+Lac-, incubated together for a timt,then plated on 
EMS St Lat. Also the reverse was done : BQ+Lac- x TLBl-SrF-Lac- x 
x TLBl+E+Lac+. Your letter came before this experiment was to an end. 
So,whiilz$here is no doubt on your priority, I can confirm your result 
xif B a&& think I would have come independently m. A 
slight addition is the\ fact that while it is unknown,in your case, 
whether it is Bti-F- or TLB -F- which is susceptible to F+,there is 
no doubt,from the mentione h experiment,that the latter& is (veryq 
high1 
the D,,;ff~'!$"Btir' $2 

Our experiments have been so closely overlap* 
ping/ o accept your proposal of a collaboration on 

, . A%rrnx On another point we have been doing indppendently 
similar experiments : i.e.the effect of aereation. I had noticed 
that cultures grown under aertation are much less fertile than deep 
grown cultures. 

I hada """""""e'!~~$!~~y with lysogcnesis,I tried 
bst,that aereation might suppress 

gametogenesis, and struck by f& 
fluctuation tests for prototrophs to see if I could detect "bursts" 
or similar. 'i'he results were practically ne&ative. Later I investiga- 
ted whether fully grown aeareated cultures 'might m be infertile, 
because they have reached a fuller saturation point than resting deep 
grown cultures. This was in agreement with the fact that taking satu- 
rated deep grown cultures,mixing them together and oareating, a good 
yield of probbtrophs is obtained. To test the hypothesis further, I 
mixed asrcated cultures in the logarithmic phase (l/20 of saturation 
or so ) incubated them furtherunder aereation,and thus obtained a 
very high yield of protiotrophs. lt seems therefore that it is not 
aereation,but some catabolite accumulating more easily at saturation 
in aerobic growth that suppresses F+. This hypothesis can betested 
further. I should like to know if you agree to this. I sllould add 
that I use common broth,without glucose or buffer,and that by aerea4 
tion I really mean "rolling" xc%*trr according to Ryad's appartus(see 
N!GB 2). 

The inheritance of F+ is most interesting. Would you not call 
or rather expect, a transforming principle involved in it ? The most 
important point seems to me now that of blinding conditions where the 



transforming activity can be recovered in cell-free filtrates. It may 
be that the TP is oxygen-labile,or sensitive to enzymes produced by the 
cells.Heating (at 60' for an hour) does not seem to destroy such enzymes. 
Pertaps cells grown in synthetie might produce less or none of such' 
enzymes. Various ways of killing cells m&ght spare the TP. Th.ere is a 
variety of ways to try;but until then I think it is not safe enough to 
speak of extracellular,but only,more aenerally, of infective inheritance. 
Short contactSbetween cells,or mxirr modes of transfer other than through 
gamstes,might brin 

s$!rongr%6sorbed to the surface of cells. It would also 
abc t infection,even if the infective agent is excee- 

dingly labile or s n~$ 
be important to find conditions in which infection is impossible ( DN-sse?) 
and see-if then cDossing is possible;whether recombinants will,or will 
not be F+. By the way, a third recurrence of F- mutation has been esta- 
blished. A Biv:- strain which was found years ago,sterile with TLBl-,uros- 
ses with W 826 and also {although with low yields) with TLBl-SrF+ . 

The hypothesis of heterothaltism is ,strictly speaking,not ruled 
c;ut.It may be that F- cannot produce ,say ,male gametes,and that this 
capacity can be induced by a transforming principle.However,proofs are 
lacking.Is there ,in your experience,any coli strain crossing with ffk&x 
F- and not with itself ? iGy experience is limited to the one published. 
Although NCTC 123 behaved in myilhands as an F-,and does not cross with 
itself,you reported to me an experiment in which crossing to TLBl-(F- ?) 
succeeded. It is the opposite mating type which would be wanted,of course, 
to prove the hyuothesis. In the way of speculation, F- may have cells 
receptive to microgametes, but not produce microgametes.F+should have both 
nroperties.Hfr might have an exaggerated capacity of producing male ga- 
metes. At this point, I should mention that Hfr activity is greatly en- 
hanced by UV,although it is difficult -in view of the non-propofkionali- 
ty between parents and probotrophs,, 

% 
n dilution of the former - to state 

exactly how much. v V is not effective on F-. I shall 
send you Hfr ,for a test of potency of "F+rhormone". That Hfr.should have 
some bearing on the question,is proved by the fact that it behaves as Hfr 
xnrh only against TLBl-, not against W 826 or W 836.1 shall try it against 
TLBl-F+ . This will also serve mD for a 'Eest of Hfr quality before sending 
it to you. 

I should be grateful for a check of old experiments of mine,that Hfr. 
&mDaxDmx ceases to exist after a sexual phase;even Hfr x Hfr gave Nfr 
recombinants. Unfortunately the auxotrophs made for the purpose have now 
lost the Hfr capacity,a$d new ones must be provided. But if this fact is 
true, one must admit that there are characters which are not transmitted 
through gametes. This would be against the assumption of female gametes 
being ordinary cells. It is not inconceivable that even F+ does not go 
thbbugh gametes, but is always hhe result of extracellular infection. 

It seems ,anyhow,that a progress is being made towards the understan- 
dLng of the K-12 mating system,and a peculiar way of inheritance is being 
disclosed. Ishge&gb e most pleased with this Atlantic collaboration. 

Yours sincerely 


